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Introduction. Previous investigations of the impact
crater formation mechanics have shothat thelate
stage - a transiergavity collapse in a gravity field -
may be modeledvith a traditional rock mechanics if
one ascribessery specific mechanical properties of
rock in thevicinity of a crater: aneffectivestrength of
rock needs is around 30 bar [1], affectiveangle of
internal friction isbelow 5degrees [2]The rock me-
dia with such propertieshay benamed as "temporary
fluidized". The nature of this "fluidization” is now
poorly understood (sethe review of hypotheses by
Melosh [3]). Melosh [4, 5] suggests aacoustic
(vibration) nature of this fluidization. Thimodel now
seems to behe bestapproach to the problem. The
open question is how tamplement theMelosh's
model (or othempossible models) in a hydrocode for
numerical simulation of a dynamic crater collapse.

We study moreelevant models of mechanical be-
havior of rocksduring cratering. Thapecific of rock
deformation isthat therock media deformsiot as a
plastic metal-like continuum, but assgstem of dis-
crete rock blocksThe deepdrilling of impact craters

front (calculated with anothelype of a hydrocode).
The oscillationvelocity decay in space as @&verse
square of a distance from the point of impact. The
time decay ofoscillations was describexith an expo-
nential law.

Scaling laws For the proposed model a set of
scaling lawsmay be formulated. We assumibdt for
craters of different diameters théock size is propor-
tional to the transient crater diameter. \Algo as-
sumed the same qualifgctor for oscillations, which
allows to scale results of calculations.

Parameter fit A set of calculations was conducted
to find the model parameters for the best fit todhse
of the Puchezh-Katunky impact crater (D~40 km) [6].
The best fitvariant isshown on Fig. 3. Th&fequency
of block oscillation needs to be the range o&everal
Hz, and quality facto® of the order of 10 to 100 to fit
the obsurvedcrater profile. Using the aforementioned
scaling law we calculated theollapse oflarger and
smaller craters tetudythe morphology of dinal cra-
ter. Selected results are shown on Fig. 1 and 3.

In the case of a small crater whserved fasiecay

revealed the system of rock blocks of 50 m to 200 m in of vibrationsand asimple inward sliding of crater

size [6]. We usethe model of these block oscillations
to formulate the appropriate rheological ld@r the
sub-crater flow during the modification stage.

1D-model of block oscillationWe formulated the
“acoustic fluidization” equations for a simplified
model of a singleblock sliding along thesurface.
(Fig.1a). Imagine that thklock is under the normal
load P thatcreates thelry friction force F. This force
prevents theblock motion under the tractioiir. Let
the block oscillates in avertical direction with a pe-
riod T. The oscillation creates a sinusoidal variation of
the normal load with an amplitud®: Under this as-
sumption theblock is unmoved (velocity=0) while
the vertical load creates the frictidorce largerthan
traction. Butfor the time period;.. (seeFig. 1b) fric-
tion is lesghantraction and thélock begins tanove
(v > 0). While the normal load growtback to the
friction limit, block stops.During the next period of
oscillation theblock will move again. Thissimple
scheme allows to creatke nonlinear rheological law
similar to theacoustic fluidisation equations proposed
by Melosh [1].

Numerical calculations of crater collapseThe
block oscillation model wasmplemented into the
MAC-type numericalcode[7]. The simplifiedmodel
of a cratercollapse we used assumée& hemispheric
crater transientcavity with initially flat layers de-
formed in accordance with the Z-model of cratering.

The initial block oscillationvelocity was assumed
as a fraction of the partichelocity behind theshock

walls. Above somecrater diameter the vibration al-
lows the uplift of the cratebottom beforethe wall
sliding, resulted in the central mound formation.

Depth-diameter relationship.The model repro-
ducedthe well-known law for complex craters [8]: the
maximal de?th, dgrows withthe crater rindiameter,
D,asd~ D"

Conclusions The largeblock reformulation of the
original Melosh’sacoustic fluidization model with a
proper parametrizatioallow to reproducghe main
features of the impact crateollapse: (ijthe existence
of a critical diametebelow wich no collapse occur,
and (ii) gradual change of a crataorphology with
the crater diameter increase. Tihleck size is a test-
able parameter at leaRir terrestrial impact craters.
The futurework should incorporatéhe acoustic flu-
idization from thevery beginning of the transient
crater growth whichmay change the simple assump-
tion of the spherical transient cavity used here.
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7 b Fig. 2. The final shape of tteollapsedcrater with
1.00 a diameter of ~20 km in the terrestrgtavity field.
Ny 4o v=0 v>0 /. Dashed lineshowthe initial contour of the transient
UK } ‘ cavity and (on theright half) theejected volume. Ini-
0.00 \ \ tially flat marked layers were distorted according to Z-
0.00 100 200 modelduring the transientavity formationand then
Time t followed tothe collapse motion arounithe crater. The
free b) length unite is equal to the transient cavity radius. The

time unit is equal to th&ee fall time fromthe height

Fig. 1. a) - Thescheme ofthe 1-Dmodel for a  equal to the transient cavity radius (Rfy)
block sliding along the underlying surface.
b) - The time variation of the normal lodd+V.
Due to oscillationsthe friction force is below the
strength limit during the periot{.. , when theblock
canmove under the tractiofiorce. See more detailed
description in the text.

Fig. 3. The same as on Fig.2 but for the crater with
D=40 km (Puchezh-Katunki). Thisase was used to Fig. 4. The same as on Fig. 2 Hat the crater
fit the model parameters witthe observedmorphol- with D=80 km.Notethe origination of a centrgdeak-
ogy ring at the central mound.



